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Path Creation with Digital 3D Representations:
Networks of Innovation in Architectural Design and Construction
Abstract
We examine the wake of innovations in architecture and construction propelled by the adoption
of digital three-dimensional (3D) representations. We examine IT induced innovations and their
consequences as a path creation process within a network of professional communities involved in
architect Frank Gehry's projects. We report the results of a retrospective case study of 3D representationenabled innovation during the design and construction of the Peter B. Lewis Building at Case Western
Reserve University. Our analysis suggests that the consequences of a complex information technology
innovation like the use of digital 3D representations cannot be adequately understood as a singular
adoption event. Instead, a more holistic and integrated view of the innovation process is required. One
that views innovation as a continuous path creation by multiple actors sharing practices and feedback
across professional communities while they appropriate 3D representations. Information technology
innovation involves multiple agents' mindful deviations from established paths of practices and resource
use. We observe that the use of 3D representations breaks down the traditional loosely coupled system in
construction that relied on two-dimensional (2D) representations to share information between different
contractors. These representations essentially black-boxed and hid most information about how to build
the building or how different parts of design interrelate with one another. To effectively adopt and
appropriate the potential of 3D representations requires that traditionally isolated actors during design and
construction need to be brought together in a tightly coupled system. This system is arranged around rich
and complex boundary objects enabled by the digital 3D representations and their transformations.
Keywords: Diffusion of innovation, 3D digital representation, Path creation,
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Path Creation with Digital 3D Representations:
Networks of Innovation in Architectural Design and Construction
Introduction
Since the earliest days of computing in organizations, scholars and practitioners alike
have predicted dramatic transformations in work practices, organizational structures, and
productivity as consequences of the use of information technology (Huber 1990; Leavitt and
Whisler 1958; Malone et al. 1987). Yet, despite those speculations, evidence of such dramatic
transformations is meager. They are exceptions rather than standard (Robey and Boudreau 1999).
Many scholars have drawn on the diffusion of innovation perspective (Rogers 1995) in order to
understand the nature and the process of IT-enabled transformation. Some focused on individual
adoption decisions (Davis et al. 1989; Taylor and Todd 1995), while others focused on firm level
adoption (Attewell 1992; Cooper and Zmud 1990; Fichman and Kemerer 1997; Swanson 1994;
Zmud 1984) and its impact (Barley 1986; Brynjolfsson 1993; Malone et al. 1987; Orlikowski
1992). However, as many organizations are increasingly connected to more actors and the tasks
that they perform become more complex (Nohria and Eccles 1992), the effects of IT-enabled
innovation cannot be fully realized if IT-enabled innovation takes place only in a single
organization in isolation without the accompanying changes in actors with whom it interacts
(Lyytinen and Damsgaard 2001).
By focusing on diffusion of innovation within a firm (Cooper and Zmud 1990; Fichman
and Kemerer 1997; Swanson 1994; Zmud 1984) or among homogenous firms in the same
industry (Kauffman et al. 2000), we fail to understand the process by which IT-enabled
innovation is permeated throughout a network of collaborating firms. Often these firms belong
to different communities of practice and collaborations take place across their boundaries. Thus,
in order to understand the nature of IT-enabled innovation, one needs to study it in the context of
its network of communities of practices, often acting with different objectives. The purpose of
our study is to examine how IT-enabled innovation permeates throughout a network of different
actors across the boundaries of multiple communities of practice.
Drawing from literature on the diffusion of innovation, information technology
implementation, information technology design, and knowledge work, we examine the
transformational potential and consequences of using digital three-dimensional (3D)
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representations in the architecture and construction industries. In particular, we analyze such path
creation networks emerging from the projects of architect Frank Gehry and his firm, Gehry
Partners. The Peter B. Lewis Building at Cleveland is the focus of this paper, although our
analysis necessarily links backwards to earlier projects and forwards to future projects as we
interview participants and collect documentary evidence.
We employ an actor-network approach (Akrich 1992; Latour 1987) to trace the path
creation processes by which Gehry Partners’ innovations with digital 3D representations affect
their technologies, knowledge, work practices and organizational forms and their construction
contractors. Path creation refers to the way an agent mindfully deviates from traditionally
reinforced paths of practices and resource use in order to produce a new path of self reinforcing
relationships (Garud and Karnoe 2001). In this research, we do not focus on a particular
information technology and the “inscriptions” around which its network is stabilized (Latour
1987). Instead, we are interested in understanding the ongoing process of path creation that
results in a very different ensemble and configuration of the actor-network. The continued
expansion and configuration of the actor-network is caused by spiraling innovations in
technology, organization, knowledge and work that cascade from firm to firm during the
construction process as a result of adopting 3D digital representations in the architectural designs
of Frank Gehry. Accordingly, we argue that a complex IT innovation needs to be understood as a
cascading wave of path creating actions in the everyday work of actors in multiple communities
of practice.
The research contributions of this paper are the beginnings of a new theory and empirics
on how information technology innovation takes place in networked communities of practice (in
our case the architectural design and construction industry) as a result of pervasive digitalization.
We examine the processes by which these representations become embedded into innovation
lattices and complex actor networks that integrate new knowledge, work practices, technology
innovations (tools) and organizational forms.
The remainder of the paper is as follows. We begin by focusing on the role and history of
3D representations in architecture and in Gehry Partners' architectural designs. Then, we lay out
the theoretical framework of the paper and relate it to several related streams of literature. We
then follow several complex interactions among multiple actors such as designers, structural
engineers, contractors, steel fabricators, glazers, and plasterers as they unfolded while adopting
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3D representations during the construction of Peter B. Lewis Building. The paper concludes by
observing implications for further theory building and continued empirical innovations among a
network of innovators.
Use of 3D Representations in Architecture and Construction
A review of the current trade and academic literature demonstrates the significant
developments in the potential and utilization of 3D representation technologies such as CATIA
software (see http://www.3ds.com/en/brands/catia_ipf.asp,
http://www3.ibm.com/solutions/plm/pub1/) in architectural practice. The lowered cost and
improved quality of digital imaging has facilitated the creation of digital representations of
buildings that are life-like, interactive and intelligent (Shih 1996). These capabilities extend to all
elements of the design process and enable different tasks and representations of the building to
be dynamically interconnected (Lacourse 2001).
Recent developments in 3D allow design information to directly become construction
information (Saggio 1997), thus letting the 3D model represent more faithfully the final building.
For the architect, 3D digital models provide greater latitude and precision because they are based
upon mathematical equations of descriptive geometry. Due to increased computational
capability, the 3D representations can be explored “interactively” from any angle or viewpoint
that one wants to adopt in relation to the actual building. Furthermore, 3D representations can be
simultaneously scaled up or down to any accuracy that the viewer requires. Finally, digitized 3D
representations allow the integration of other information (such as size, material properties, and
cost) of the 3D objects and can be integrated with subsequent production and planning processes
associated with the building. Over time, these digital artifacts of buildings can be applied,
modified and later reused through emerging 3D information management capabilities such as
Knowledgeware© (CATIA), which have been designed to store and find 3D objects for later use
(Toupin 2001).
This allows the architect to precisely locate any point on any surface of the building
within any scale. It also allows unbounded experimentation with designs and different surfaces
and provides tools to verify and modify designs in terms of cost or structural constraints
(Lindsey 2001). The models allow high levels of integrity at nearly any scale: when all
representations of components that make the building (and associated surfaces) are integrated,
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even a minute change in one sector or component can be used to propagate all necessary changes
to adjacent sectors of the building plans (Greco 2001). Thus, 3D representation tools change the
practice of design as they eliminate earlier design constraints by providing powerful visualization
capabilities and affecting the cost/ effort/ error rate of obtaining specific design information
(Koutamanis 2000).
Furthermore, 3D technologies enable dynamic interaction between representation and
analysis tools and multiple designers, as well as among the designers, fabricators, and building
contractors that share these representations. The impact of accurate representations is
experienced in nearly all aspects of the building process. In particular, 3D representations require
a fundamental shift in the measurement process from two-dimensional (2D) grid method to 3D
<x, y, z> coordinate systems. In a traditional construction project, each measurement is taken off
of the last measurement. By contrast, 3D images are created by mathematically locating every
point on a line or surface in the image with an <x,y,z> coordinate showing its position to an
established X=0, Y=0, Z=0 point. So, for a construction company, the familiar tape measures and
other devices for calibrating distances no longer works. Instead, they need to use specialized
surveyors for making location measurements within a 3D space that normally would be made by
workers with a tape measure in a given 2D plane. Moreover, each <x,y,z> coordinate is located
independently of other measurements, and is made relative to the absolute <0,0,0> point that had
been established before construction began and forms the anchor point for the 3D representation
of the building.
Finally, the lack of standardized forms, shapes and components in 3D designs have
spawned a new breed of contractors, who are open to constant change and able to adopt to new
construction techniques (Koutamanis 2000). When they encounter unforeseen situations that
require improvisation and creativity, they are open to deviate from standard procedures. The
complex geometries enabled by 3D technologies spawn multiple new construction techniques
including CNC-guided plasma cutters to cut structural steel members, computer-controlled
machinery to bend and weld flanges, and global positioning systems to guide in the placement of
walls, roofs and beams (Gragg 1999).

Use of 3D representations in Gehry’s work
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The work of architect Frank Gehry and his firm, Gehry Partners, is a striking example of
how 3D digital representations have transformed the professional practice of architecture. Gehry
Partners are at the forefront of using 3D modeling in architectural designs in order to achieve
extremely complex surface geometries that are typical of Gehry’s architectural language. These
forms cannot be conveyed easily in traditional 2D representations. Gehry Partners were the first
architectural firm to adopt the 3D software (CATIA) from the aerospace industry. It has resulted
in a cascade of innovations in their construction projects by enabling designs which push the
boundaries of accepted practice in almost all aspects of building design and construction. In this
paper, we report the results of a retrospective case study of a completed project by Gehry
Partners, the Peter B. Lewis Building at Case Western Reserve University, which currently is
one of the most complex architectural designs in the world (see figure 1).

How to build this?

Figure 1. The Peter B. Lewis Building
Gehry Partners first used the CATIA system serendipitously in a project with extremely
tight time and budget constraints to build a large "Fish Sculpture" for the Barcelona Olympics in
1992. That project was a striking success and increased their confidence in the use of 3D
technology. The experience has been expanded over time and the use of 3D technologies has
enabled them to propose and successfully build ever more daring building forms, including the
highly praised Guggenheim Museum in Bilbao, Spain, the Experience Music Project in Seattle,
the Disney Concert Hall in Los Angeles, the Bard College Performing Arts Center and the Lewis
Building. Examples of actual 3D representations from the Guggenheim Museum are shown in
Figure 2. These have resulted in more intense and complex exploitation of 3D representations in
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most aspects of building design and with each new project, the surface geometries have become
more complex, and the requirements for innovation in construction techniques become more
pronounced.

Figure 2. Examples of 3-dimensional representations- structural models of
Guggenheim museum

Gehry Partners is thus a uniquely suitable site for studying the use of 3D representations
in architecture and construction because they have made digital technology a source of continued
innovation and a means to integrate the whole design and construction activity. Their unique way
of incorporating 3D representations with novel architectural ideas in the design, engineering and
construction of their projects distinguishes their design practice from most architectural firms. As
a result, Gehry Partners is continually designing structures, which push the limits of, or actually
break from, existing paths in the construction industry in terms of shape and form. Their
innovations in design and construction have also stimulated new forms of “mass-customization”
where individual pieces of a building, such as its windows or wall framing, are mass-customized,
using digital representations to guide their manufacturing process.
Theoretical Framework
Past Related Research
Past research on the diffusion of information technology has presumed primarily that
innovation diffusion is a sequential process unfolding over specific stages in order over time
(Attewell 1992; Cool 1997; Cooper and Zmud 1990; Fichman and Kemerer 1997; Rogers 1983;
Rogers 1995; Swanson 1994; Zmud 1984). The focus of these studies is to primarily identify
factors that affect the pattern of diffusion in time and space. Although these studies have
provided rich insights into the general shape of growth in, adoption of and expenditures on
digital technologies, they give us little insight into how their increased use results in social,
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economic, technological, and institutional transformations. Furthermore, these studies often do
not consider the history and feedback processes in the innovating social systems.
Recent studies examining the diffusion of complex technology, however, show that
information technology is networked, malleable, and socially constructed (Lyytinen and
Damsgaard 2001; Tuomi 2002). In addition, these recent studies on complex technology show
that the diffusion of information technology innovation does not occur in a homogenous and
stable "social ether" among autonomous adopters. Instead, the social arena for innovation
diffusion is dynamic and volatile, subject to political control, and transcending the boundary of
communities of practices. Thus, in order to study the diffusion of such complex technology, one
needs to look at the dynamic and dialectic social processes by which the actors of these diverse
communities create new collective work practices over time.
Past research on innovation has also tended to treat innovation as an object (thing)
created by a single heroic individual, or a small group of individual specialists, separated from
the rest of an organization (Lyytinen and Damsgaard 2001). Therefore, these studies often fail to
make a connection to the ongoing process of “innovation” in the everyday work practice in
organizations by making a spurious separation between innovation and its diffusion. This
traditional perspective of diffusion of innovation is similar to a dominant perspective in the
research stream of knowledge work that treats knowledge creation and knowledge reuse in
organizational contexts as two separate processes (Huber 1991; Pentland 1995). This assumes
that once knowledge is created by an actor in the community, the knowledge is transferred as a
black box in a rather closed and fixed form to the rest of the community for reuse.
An emerging body of research on knowledge work, however, emphasizes the importance
of communities of practice and communal and emergent features of knowledge creation (Brown
and Duguid 2000; Lave 1993; Vygotsky 1978; Wenger 1998). It has shown how important an
on-going interaction through shared artifacts and practices among the members of a community
of practice is to their ability to create and use knowledge. However, most of these studies focus
on one community of practice. They leave us with little understanding of how innovations
embedded in new representational forms in one community ripple through other, interrelated
communities in a network, crossing boundaries between professions and organizations and
creating innovations in webs of knowledge in a distributed system (Boland and Tenkasi 1995).
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Building on this emerging perspective, yet critically extending it into multiple sets of
communities, we view distributed knowledge in a networked community as being created
through a generative dialectical knowledge transformation process of path dependent and path
creating behaviors among these actors. In this paper, we explore the ways that 3D digital
technology enables generative dialectic knowledge transformation processes in networked
communities of practices in the construction industry. In our study, we use an historical, process
oriented research approach that seeks to conceptualize and account for the observed longitudinal
transformations as a result of path dependence and path creation by the key actors in these
multiple communities.
The Concept of Path, Path dependency and Path Creation
Path creation is a recent attempt to theorize the process of innovation, which has been
developed in reaction to certain limitations in the theory of path dependence. Briefly, path
dependence grew from the work of David (1985) and Arthur (1989) and brings a dynamic
systems view to technology innovation studies. Path dependence argues that history and
temporality is important in understanding how technological innovations are adopted. According
to Arthur (1989), path dependence is reinforced by large fixed costs, learning effects,
coordination effects and adaptive expectations.
Path dependence has been used to show how a seemingly insignificant event comes to
have a major impact in the success or failure of a technology innovation over time. Usually, this
chance event is from outside the normal field of concern for the technology, and through a series
of subsequent events creates a “path dependence” that shapes the probability of moves by actors
in the technological domain such that a self perpetuating cycle is established which leads to a
technological lock-in. Often, the end state technology is in some sense sub-optimal, and path
dependence thereby shows how technology innovation does not conform to rational choice
models.
For our purposes, however, path dependency is insufficient alone because it treats the
involved actors as lacking agency, and behaving like robots that simply trot along the established
path. Path creation, in contrast, introduces agency into the analysis and focuses on how actors
mindfully deviate from what appears to be the common sense, established paths. Instead, they
engage in opening a new path of practices and resource use in their domain. The duality of path
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creation and path dependence can therefore usefully be approached with a structurational view
(Giddens 1984) of duality between structure and action. Following Kemp et al. (2001) and Van
Looy et al. (2001), we see path dependency and path creation as reciprocally related and
mutually dependent processes: without path dependency there is no ability to recognize the
deviance in path creation, and innovators engage in path creation in hopes of establishing new
stable sets of path dependence. Moreover, some forms of path deviation are occasions of
restructuring the whole spectrum of technologies and work practices in front of the actors to
become a new springboard for path dependence. In our view, enhanced digitalization of the
principal representations in a community can be one such occasion.
Path Creation in Architecture and Construction
Figure 3 represents our framework for studying multiple levels of IT induced innovation
that result from the use of 3D digital representation. It is based on two major forms of recursively
organized processes of path creation with 3D technologies. First, there is an on-going path
creation related to the design of the digital technologies and their appropriation by architects into
their design practice. The vertical flow represents this in the figure. Here, the
appropriation of new digital technology by an architect enables radically new architectural
designs with each project representing unique opportunities for mindful deviation from existing
path dependency in architectural forms and the use of 3D representations in architectural
practice. Over time, these accumulated experiences form the basis for new designs of digital
technology leading to a revised version of the 3D tools and further appropriation in the
design practice of architects.
Second, there is a cascading path creation in the socio-technical network of the
construction community for each project. This is represented in the horizontal flow in figure 3.
As each project progresses, the innovation in architectural design that is enabled by 3D digital
technology creates new opportunities for innovation in construction methods and technology
appropriation by participating construction managers and contractors. In this cycle, actors in the
construction community develop new paths of preferred construction practices. The diagonal
dotted line in figure 3 represents a “spill-over” of innovation to other projects by one or more of
the contractors.

Project
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Figure 3. Two Dynamics of Path Creation with Digital technologies: Innovations in
Architecture and Construction
In order to produce buildings that are cost effective and “buildable”, architects normally
follow traditional (path dependent) practices as the safest course, including the use of 2D
blueprint drawings at each of these levels. However, in order to produce buildings that are as
meaningful and evocative as Frank Gehry has designed, architects, constructors and fabricators
must continually invent ideas that are outside of the established design and construction path. As
a result new architectural designs stimulate a constant dynamic reassessment of the material,
technological and practice requirements of the known, feasible path. They offer the potential of
breaking the familiar pattern of those materials, practices and technologies in order to achieve a
higher order “artistic” benefit for the client and society.

Case Study
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We conducted interviews with the architects, construction managers and all
subcontractors on the Peter B. Lewis Building project, including visits their home office to
review major documents with them. The objective of these interviews was to identify ways in
which the various parties found the digital representations used by Gehry partners to be different
from their usual documentation and information sharing practices, and the ways that the parties
adapted to those differences. We looked for the development of new knowledge assets, the
acquisition of new digital technologies, the retraining of existing employees, the hiring of new
employees, the restructuring of their organization, and changes in labor practices. These
interviews focused mostly on how Gehry Partners changed their work practices while designing
and building the Peter B. Lewis building and how the contractors adopted and appropriated 3D
representations as necessitated and conveyed by Gehry & associates’ practice.
To accomplish this goal, we first asked Gehry and his associates (partner architects,
designers, project architects, and CATIA operators) how the design and construction of Peter B.
Lewis differentiated itself from the earlier projects within the architects’ office and what path
creation activities were taken during this project. Second, we asked consequently eight
contractors and regulators (Cleveland Building Department and Fire Prevention Bureau)
involved in the project to compare and contrast their experience with their Gehry Partners project
to other projects they have had in the past few years. We also asked them about projects
contracted subsequent to the Gehry Partners building to assess ways in which the changes in
technologies of representation, knowledge assets, labor practices, and organization structures or
strategies were carried forward into those later projects (spill over effects). We started with a set
of initial interviewees, and we updated and expanded that list as we traced the actor network
relations and followed path creating choices, and came across additional firms and individuals
who also played significant roles in innovation around the Peter B. Lewis building project. A
total of 35 interviews were conducted.
Results
Path Creation in an Architectural Practice: Abstract and Concrete Representations
Gehry Partners are a uniquely suitable firm for the introduction of 3D representations for
several reasons that relate to their design practices. The firm has always worked differently from
other architectural firms in that they use almost exclusively physical models as a basis for their
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design. Their studio is full of models, with very little paper or drawings to be seen. Only after
working through literally hundreds of models do they make a drawing. So when they began
using 3D software, they were able to digitize their physical models and derive their 2D drawings
from there as needed.
Most architectural firms, on the other hand, work with drawings almost exclusively in
their design. Only after refining their drawings to a point where they believe their design work to
be completed would they make a model and its purpose would be to display their design, not to
think their way through the design process. In a normal, 2D architectural practice, then, a model
is the end point of their design work. But, for the Gehry Partners, 3D models play a central role
in their architectural practice and adopting the 3D representations solves a major problem that
they had in translating the increasingly complex physical models they created into the 2D
drawings required by the standard practice of the construction industry.
Architects and drafters develop the ability to translate 3D objects into 2D drawings and to
read those drawings in order to reconstitute an understanding of the 3D object being depicted.
People without this unique training generally find it difficult to read 2D images as 3D objects.
The Gehry firm with its practice of moving directly from a sketch to a physical model were
eliminating untold layers of abstractions embedded in the sets of drawings that most architectural
firms work with. By relating the initial sense of form as suggested by Frank Gehry's unique
"stream of consciousness" sketches directly to a physical model, they were avoiding abstraction
in favor of concreteness and immediacy. Gehry Partners was concerned that introduction of
software tools into their design practice would threaten the close link between Frank Gehry's
design inspiration and its realization in a final design. The 3D software showed them that
computers could be integrated into their practice in a way that complemented their existing
approach and solved a nagging problem for them - the problem of translating physical models
with complex geometries into the 2D drawings expected by the industry.
What it meant was that Frank worked in media that allowed him to quickly understand things as
three dimensional whether it be a program diagram or the sculpture of probability. But it also
gave him the medium that allowed him to walk a layman through his own thought process and his
own design process and get them to understand and participate. (Jim Glymph, July 24, 2002,
p.3)

As more flexible 3D tools such as Rhino are becoming available, Gehry Partners have
begun experimenting with preliminary sketches made in these simpler systems as
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communication devices with contractors and clients during early stages of the design process. It
remains to be seen how far they will go in incorporating software tools into the design process,
but philosophically, they are committed to the use of physical models as the medium for
exploring design ideas, employing the 3D software tools to supplement the physical experience.
At that point in the process, systems like CATIA or Rhino enable them to specify how the
complex structures they have designed can actually be built or to develop a better physical model
of the developed 3D model - something that the physical models cannot accomplish for them.
Frank Gehry and his partners are quick to point out that they do not believe the use of 3D
representations has altered the basic spirit of their designs. That is, they do not believe that they
have been able to conceive of more complex shapes or different types of architectural forms
because of their use of 3D software. Their imaginations have always outrun their abilities to
represent their ideas. They do, however, believe that the complex and dramatic forms they have
been able to achieve in their recent designs are only buildable because of the 3D tools available
to them. Without the tools for visualizing and analyzing these structures in three dimensions,
they could have not worked out all the details required for specifying how the structures were to
be built. So while they hesitate to attribute the gestation of ideas to the software systems, they do
recognize that it gives them a certain confidence in what they can try to accomplish in projects
facing them. The limits of what they can conceive and feel confident of being able to build has
expanded with the use of 3D representations, resulting in a positive feedback cycle of ever more
daring structural forms in their architectural practice.
“…Catia makes the whole process and the whole method to build it somewhat predictable. And
that’s what all our processes are looking for. We give prices before we build….. if you need to
predict, if you need to give somebody, say, here is what you need to do. Give me a guaranteed
price that you will not exceed. You cannot do this (with 2D). Because it is too complicated to
document on paper. Without Catia it would have not been possible to do it (the Lewis Building).”
(Gerhard Mayer, September 20, 2002, p.8)

Path Creation in Construction Projects: Loose and Tight Coupling
In studying the projects of Gehry Partners, one important aspect of the role of
representations stands out. The 2D representations used in an industry's standard practices, are an
integral part of the entire relationship between the architect, the builder the contractors and the
client. The representations they pass among themselves are communications that are integrated
with and rely upon the context of all the business practices, contractual forms, and traditions that
characterize their industry.
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The Gehry Partners’ transformation into design practices actively utilizing 3D
representations meant changes in many other aspects of their relationship with other actors. One
image that has been very helpful to us in thinking about the relation of representations to the
relations among architect, client, builder and contractors is that of loosely coupled versus tightly
coupled systems.
Over time, using 2D representations, the architects, clients, and builders have established
loosely coupled systems for creating and exchanging 2D drawings. The systems include the
understandings of the timing for exchange, the responsibilities of each party after an exchange,
and the way that risks are allocated among the parties. Thus, within this loosely coupled system,
each party can take the architect's drawings and rework them into their own preferred way of
viewing the project, and can come back with a bid or a request for information. There is very
little need for the architects, builders and sub contractors to meet and discuss details of the
project. The representations carried the information they expected to need in order to perform
their next step in the process. The contracts were written with 2D drawings and the level of
information that they could carry taken into account. So, the normal 2D process of representation
includes a significant amount of document origination within each of the separate firms. We
picture the firm's in a large construction process fitting together as a loosely coupled system in
the sense that they can rely upon a rather minimal amount of information being transferred
among the parties in a standardized format because contractual understandings and industry
practices allow each party to develop their own specifications for fulfillment of their obligations.
The project architect commented on the traditional relationship between the architects and
contractors as follows:
With typical projects, many architects have a standoff position from contractors. They just basically
enforce their documents and their specifications and criticize. And they expect that the contractor knows
how to do everything. They don’t talk about process, they just talk about results. Architects run around
and measure. Measure if the deviation is in an acceptable limits and write up reports and say, “no, you
are not” or “you’re schedule is to long” or “your result is too bad.” It’s just all nasty B.S. ….Typical
architects are very standoffish. At the big firms, they run around in suits, they run around the construction
sites with big books, they write reports, write a lot of memos, it’s not a very interesting task many times.
(Gerhard Mayer, September 20, 2002, p.11)

However, when the 2D representations are replaced with 3D ones, we find that the
familiar contract language and the established informal working arrangements that have evolved
in the construction field do not provide a contractor with sufficient information to understand
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their role or with a sufficient understanding of the risk involved. And this is the case even though
in many ways the 3D representations carry much more information than the two dimensional
images do. It is because the formal contractual relations and the informal working arrangements
in the construction industry are inseparable from the type of representations being exchanged.
Changing to a 3D drawing changes many other features of their relationship as well,
further creating a more tightly coupled system. The architects, builders and subcontractors had to
meet and talk about almost every detail imaginable. A dramatic example of this comes from GQ
Contractors, the plaster and drywall subcontractor on the Lewis Building project. Their Chief
Operating Officer reports that in his 20 plus years of work in the industry, he had perhaps spent
the equivalent of one 8 hour day in an architect's office. Normally, they would receive drawings,
analyze them to make a bid, rework them as shop drawings in their own office, and do the work.
On the Lewis Building project, however, he spent the equivalent of 17 weeks in the architect's
office, working with 3D modelers to plan how the framing and drywalling could be done.
“I have never, ever spent more than an hour in an architect’s office prior to this job. And I spent
22 trips, 4 and 5 days at a time in their office. And I spent some days where I was in there at 8:00
in the morning and I didn’t get out of there until 10 or 11 at night, working on this frame.” (Ed
Seller, September 18, 2002, p.8)

Similarly, the organization of the overall project was more tightly coupled, with the
general contractor and certain key subcontractors brought into the process at the very beginning
of the planning phase, rather than after the design was complete, as would normally be the case.
Part of this increased tightness in coupling is due to the fact that the 3D representations enabled
the architect to create designs with unusual and demanding geometries that the builders were not
used to constructing and needed to discuss. But apart from that, the 3D representations carry
different information than the familiar 2D drawings do, and construction practices are based on
the information in the familiar 2D drawings. In the future, 3D representations are likely to
engender even more tight coupling as they become more fully parametric and capable of
containing cost, construction time, and other information for each element of the representation.
Theoretically, the 3D representations could carry all the information needed by all the specialty
contractors - information that they previously had to create by themselves from the architect's
drawings by making their own, customized set of shop drawings to use as a basis for their
construction work. A sub-contractor's comment reflects this tight coupling well:
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“The shop is getting there, and understand we’re breaking down this whole wall. It used to be
this problem that Zahner had: this concrete wall separating the shop from the office, the shop
plant here. Well then they built the engineering into the shop. And they’re going on and moving
into the shop now. Then all of a sudden all the people in the shop are coming in here (the office)
mixing in with engineering people and mixing people from the trade and so it’s kind of like, tear
that wall down.” (Bill Zahner, May 17, 2002, p.22)

Discussion
The process of innovation we are tracing through this network of actors in the
architecture and construction industries presents a unique image of path creation at multiple
levels. Software developers, an architectural firm, a sequence of remarkable building projects,
and contractors who evolve as far and fast as the architects are all entangled in a dynamic
network of innovation.
The use of IT-enabled innovation, in this case 3D representations, enabled Gehry Partners
to design truly transformational buildings. The use of 3D representations have also changed
their own work practices. However, such dramatic outcomes could have not be accomplished
without the wake of innovations that are taking place through the network of actors who partners
with Gehry Partner. It is not so much a question of a particular technology being adopted by a
firm or group of firms as it is a question of changes in the relationships, work practices,
organization structures and strategies that are stimulated by various aspects of 3D technologies.
Particularly, the shift from a loosely coupled system to a tightly coupled system seems to
be an important one. Through such a tightly coupled systems, actors from different communities
of practices came together in order to take others perspectives into consideration while making
their own perspectives (Boland and Tenkasi 1995). It is this generative dialectic knowledge
transformation cycle that enabled the wake of innovation in this network of actors. Although the
movement toward 3D representations began in Gehry Partners, it did not simply diffuse to its
partners. Rather, the image is a reciprocal and dialectical movement of innovation and new ideas
across the boundaries of different communities. The end results of this wake of innovations are
unexpected and transformational. It is unexpected in that the end results are not foreseen and
represent a new way of working. It is transformational in that the knowledge that is generated
from this wake of innovations is not a mere replica of the knowledge that previously existed in a
different context, but is rather an altering of current knowledge, creating new knowledge and
validating it within and across communities (Carlile 2002). For Gehry Partners and its clients,
the final building in its unique and evocative form represents the unexpected and
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transformational outcome of the wake of innovation. For contractors, it is often unexpected
strategy, novel business opportunities and changes in organization structure for the company1.
For research on the diffusion of IT-enabled innovation, the contribution of our study is
that the true transformation via IT-enabled innovations may never be found if we continue to
look at the firm level. It cannot be found at the individual level either, nor at the industry level of
homogenous firms. It is a complex multi-level social phenomenon that requires one to look at
the boundaries across different communities of practices.
Our results also suggest that innovation does not take place by a single heroic innovator
or innovating company for the rest to accept. Instead, the innovation and diffusion are the
duality of continuing path creation and path dependence cycles that change everyday work
practices. It is distributed, social, and collective. At the same time, it can be only understood in
its historical and temporal context.
For research on knowledge work, our finding is very similar to the recent work on ba
(Nonaka and Konno 1998; Tuomi 2002). A Japanese word meaning space, ba is a sociocognitive “space of mutual knowledge construction” (Tuomi 2002, 120). Through ba, both
individual and collective knowledge is advanced in a generative knowledge transformation cycle.
Ba emerges as a result of social interactions among individuals participating in different
communities of practice as they construct mutual stocks of knowledge, but at the same time it
constraints knowledge creation and provides the contexts for fixing meaning. Tuomi (2002)
found that ba among actors from different communities provided a socio-cognitive field for
innovation in complex technologies like the Internet or Linux. Our image of tightly coupled
systems of actors from different communities and their trusting behaviors can be conceptualized
as a ba for generative knowledge transformation processes.

Conclusion

Driving this wake of innovation is a design vision. For Gehry Partners, it is the design
vision of Frank Gehry himself. For the contractors, it is a design vision of their firm as leading a
craft in its development. All the players in this complicated system have the path creation
1

The space limitation does not permit us to provide examples for such transformations. However, we have
observed several fundamental changes in strategy, business model, work practices and organizational structures
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impetus of an entrepreneur. They are all intrigued by the possibilities of the new and of pushing
their expertise into new realms. The design urge to create something different and better than
what has gone before is a central element in this web of innovation we are tracing around 3D
representations in architecture and construction. The design urge to make each project different
from and more advanced in its use of materials and technologies than those which have gone
before underlies the achievements of each company in the network. Design, then, is a kind of
propelling force - a path creating energy that resonates with a wake of innovation rippling out
from each part of the network as they strive to achieve the possibilities that lay in 3D
representations.
“Because the format in which these documents was put together on this job did not complete the
design, and we found ourselves completing the design. So being that this was a magnified case of
that, now we’re paying more attention to the design of the other jobs to see where the architect left
off so that we can address design issues early on, because a big problem here was the incomplete
design. The shape was there, we always knew the shape, but we didn’t know how we were going
to create it because the documents didn’t fulfill all, they didn’t cover all the problems. And that’s
what they ran into in the field, was that they had this set of documents that they typically would
use and it would tell them everything where they didn’t have it. And so even the carpenters in the
field became part of the design, because they had to figure out ways to do things….Actually, they
had to help complete some of the design as far as structural elements.” (Ed Seller, November 11,
2002, p.13)
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